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The new Woodrow Wilson Bridge (WWB) will replace the existing bridge over the Potomac River to connect Alexandria, Virginia to 
Prince Georges County, Maryland. The new WWB will extend approximately 1.1 miles across the river, with a 367-ft long bascule 
span in the main river channel where the water depth is about 36 ft. The bridge is primarily comprised of fixed spans in relatively 
shallow water and a bascule span over the navigation channel. The subsurface soil profile was quite variable along the bridge 
alignment. In Virginia there was fill over soft Alluvial deposits underlain by dense Terrace deposits, as well as remnant foundations 
from a former ship yard. At the bascule span there was up to 50 ft of a soft organic silty clay layer underlain by a deep deposit of stiff 
Cretaceous clay. Along the Maryland approach there were Alluvial deposits over dense Terrace deposits over stiff Cretaceous clays 
and dense Cretaceous sands. The variation in subsurface conditions lead to the selection of alternative deep foundations that suited the 
specific conditions and were based on the design phase testing program, from which ultimate design capacities were determined. 
During construction there were instances of unexpected pile performance, notably different than that experienced during the design 
phase testing, requiring changes to the contract installation criteria and re-design.    
 
This paper will present the types of deep foundations used for the project, the performance criteria assumed during the design, the 
measured performance and difficulties encountered during construction, and the resulting remedial actions, i.e., changes to contract 





The Woodrow Wilson Memorial Bridge is the only Potomac 
River crossing in the southern half of the Washington 
Metropolitan area (Fig. 1) to connect Alexandria, Virginia to 
Prince Georges County, Maryland. 
Consisting of fixed spans and a movable (bascule) span, it 
carries the Capital Beltway (I-495), which is part of I-95, the 
main north-south interstate route on the East Coast. 
Approximately 1.1-mile long, a new bridge has been designed 
for HS25 loads consisting of six lanes for local traffic, four 
lanes for express traffic, and two HOV lanes. Provisions are 
made for future replacement of the HOV lanes with rail. The 
bascule span is 367-ft long in the main river channel where the 
water depth is about 36 ft, with a 174 ft wide navigation 
channel. In 1998, Maryland State Highway Administration 
awarded Parsons Transportation Group (PTG) the design and 
construction support services of the new bridge. Mueser 
Rutledge Consulting Engineers (MRCE) performed the 
foundation design.
An arch-like appearance has been achieved by introducing V-
shaped piers with curved legs, which support haunched girders 
(Fig. 2). This structural system consists of independent 
structural units (V-piers), and produces zero horizontal thrust 
forces under dead and live loads. The subsurface soil profile 
consists of up to 50 ft of a soft organic silty clay layer that is 
very vulnerable to scour, underlain by a deep deposit of hard 
sandy clay. Proper arrangement of the girder spans balances 
the dead loads and produces minimal bending moments at the 
piers. This system eliminates the need for using batter piles 
and results in significant savings in the foundations, especially 
at the bascule piers located in the deepest part of the river. 
In order to optimize the pile design it is generally most 
effective to maximize the load carrying capacity of the piles 
that usually results in larger pile cross section and deeper 
penetration. Equally important in the optimization process is 
the consideration of pile installation issues namely, 
fabrication, lifting and handling, splicing and driveability. 
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Fig. 1.  Woodrow Wilson Bridge site. 
Fig. 2.  Computer generated photographs of the new Woodrow Wilson Bridge. 
This paper will present the types of deep foundations used for 
the project, the performance criteria assumed during the 
design, the measured performance and difficulties encountered 
during construction, and the resulting remedial actions, i.e., 
changes to contract installation criteria and/or re-design due to 
the unanticipated field conditions 
 
PILE DEMOSTRATION PROGRAM 
A Pile Demonstration Program (PDP) during the design phase 
was undertaken between April and July 2000 to evaluate the 
driving and load carrying performance of piles for the new 
bridge. The program included three load test locations as 
shown in Fig. 3. Location PL-1 was in the river between Outer 
Loop Piers M1 and M2; Location PL-2 was in the river 
between Outer Loop Piers M8 and M9; and Location PL-3 
was on land between Inner Loop Piers V3 and V4. Tests on 
open-ended steel pipe piles included three 54′′ diameter by 1′′ 
wall, (piles A, B and C) at PL-1 installed with an IHC S-280 
hydraulic hammer with rated energy of 206 ft. kips; three 42′′ 
diameter by 1′′ wall piles at PL-2 (piles D, E and F) also 
installed with the IHC S-280 hydraulic hammer, and one 36′′ 
diameter by 1′′ wall pile (pile I) at PL-3 installed with an ICE-
275 hydraulic hammer with rated energy of 110 ft. kips. Two 
24′′ square, precast, prestressed concrete piles (piles G and H) 
were also installed with the ICE-275 hammer at PL-3. The 
piles were fitted with either electrical resistance or vibrating 
wire strain gages spaced along the length of the piles. 
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Fig. 3.  Soil and estimated scour profile, bridge pier locations, and pile load test locations. 
The load test program included initial driving with PDA 
monitoring followed by 7-day and/or 14-restrike. The data 
from selected blows were analyzed using CAPWAP. Static 
axial load tests were performed at piles C, F, G and I, in 
accordance with ASTM D-1143.  
Table 1 summarizes pile load test results including: test 
location and hammer used, pile number, pile size, pile tip 
elevation, bearing stratum, initial driving performance, 7-day 
and 14-day restrike performance; CAPWAP analyses 
including shaft resistance, skin quake, skin damping, toe 
resistance, toe quake, toe damping and total capacity; and load 
test data including static failure load and corresponding 
average skin friction, and Statnamic mobilized load and 
corresponding average skin friction.  
Generally, all piles experienced light to moderate driving 
resistance. Driving stresses for the steel piles ranged between 
20 and 35 ksi which is within the allowable prescribed by 
AASHTO for grade 50 steel. Driving stresses for the concrete 
piles ranged between 1.7 to 3.3 ksi compression and between 
0.13 to 0.5 ksi tension, also within allowable values prescribed 
by AASHTO for 5,000-psi prestressed concrete piles. 
 
 
Table 1.  Summary of pile demonstration program. 
 The Statnamic tests gave significantly greater pile capacities 
and unit skin frictions than measured by PDA, calculated by 
CAPWAP, or as determined by conventional static load tests. 
There is poor correlation between static pile capacity and 
Statnamic capacity. Therefore, static test results were used to 
provide the basis for assessing the load capacity of the piles. 
SOIL RESISTANCE TO DRIVING 
Open-Ended Steel Pipe Piles 
Our assessment of driveability for the open-end steel pipe 
piles began with the initial driving data obtained from 
monitoring 54′′ piles A, B, and C at location PL-1 in the 
central river channel. The soil profile at PL-1 is representative 
with regard to deep pile penetration at the proposed bridge, 
being underlain by P1 clays below El -100. Figure 4 shows the 
increase in soil resistance during initial driving as indicated by 
the PDA results and by CAPWAP analysis. The CAPWAP 
data conform particularly well to a linear increase with depth. 
Both data sets indicate an average increase in soil resistance 
during initial driving of about 38 kips per ft.  
Measurements indicated that the open-end pipe piles did not 
plug during driving. The relative proportion of skin friction 
that acted on the outside and inside of the pile wall is 
unknown. Normal practice in the offshore industry is to 
assume that zero skin friction acts on the inside of the pile in 
soft clays (Dutt and Collins, 1995). For stiff clays, the inside 
skin friction is taken as 50 to 100% of the outside friction 
(Stevens et al, 1982). Having deduced the shaft load transfer, 
it actually does not matter whether the resistance is assumed to 
act on the outside and/or inside of the pile wall, only that a 
consistent approach is taken to back analysis and prediction. 
Fig. 5.  Skin friction during driving at location PL-1. 
  
To avoid confusion, the simple assumption can be made that, 
for these “coring” piles, the inside and outside skin friction are 
the same. The increase in soil resistance of 38 k/ft, obtained 
from Fig. 4, corresponds to a unit skin friction of about 1.35 
ksf acting on the inside and outside of the pile wall. This value 
applies to the P1 clay between El -100 and -160, the maximum 
penetration for which such data are available. The 
corresponding skin friction distributions obtained from 
CAPWAP analysis for initial driving at PL-1 are summarized 
on Fig. 5.  
Fig. 4.  Soil resistance during initial driving at location PL-1 
for 54′′ pipe piles A, B, and C. 
 
The overall pattern of skin friction conforms to expectations in 
that the resistance in the alluvium is quite limited, and 
increases when the stronger underlying soils are encountered. 
There is, however, significant variability in the CAPWAP 
computed skin friction in the P1 clay, both along the length of 
the pile and from case to case. This variation undermines 
confidence in the information, which is obtained from a 
theoretical analysis of measured data. The analysis depends on 
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 a number of assumptions, and is particularly uncertain for 
open-end pipe piles. In an attempt to counter the variability in 
skin friction distribution, the average profile of Fig. 6 was 
developed from the information on Fig. 5.  
Based on the information on Figs 4 to 6, values judged to be 
representative were chosen for skin friction in the alluvium 
(0.25 ksf) and for the underlying stronger soils (1.25 ksf). As 
discussed below, these values were used in wave equation 
analyses to obtain blow counts for comparison with the 
observed pile driving. The values of skin friction for the weak-
over-strong soil profile could be refined so that the computed 
blow counts matched the observed blow counts. The process 
developed from the 54′′ pile monitoring data at location PL-1 
was then repeated for the 42′′ and 36′′ pipe piles at locations 
PL-2 and PL-3. Observations indicated that the piles did not 
plug during driving and that end bearing was a small 
component of the total driving resistance. 
Precast Prestressed Concrete Piles
24′′ square concrete piles G and H were installed using the 
ICE-275 hydraulic hammer with rated energy of 110 ft-kips. 
Pile G was initially driven to El -33 with a final driving 
resistance of 40 bpf corresponding to soil resistance of 980 
kips by PDA. Pile G was re-driven to tip El -44 (final driving 
resistance of 80 bpf, soil resistance of 1190 kip by PDA). Pile 
H was installed to El -44 with a final driving resistance of 60 
bpf corresponding to a soil resistance of 1200 kips by PDA. 
CAPWAP analyses indicated that the soil resistance acting on 
the concrete piles was equally distributed between shaft and 
tip, with a total capacity of 1300 kips. 
WAVE EQUATION ANALYSIS 
Input Parameters 
Wave equation analysis requires a number of inputs in 
addition to pile and hammer type, including hammer 
efficiency and parameters to define the static and dynamic 
resistance of the soil. The 54′′ and 42′′ pipe piles were driven 
with an IHC model S-280 hammer having a maximum rated 
energy of 206 ft-kips. The 36′′ pipe piles were driven with an 
ICE model 275 hammer having a maximum rated energy of 
110 ft-kips. Referring to Table 1, the cases selected for 
calibrating the drivability prediction procedure were Pile A (El 
-158 and -195), Pile D (El -105), Pile F (El -118), and Pile I 
(El -84). Monitoring data indicate that the IHC S-280 hammer 
transferred between 170 and 200 ft-kips of energy, while the 
ICE 275 transferred about 90 ft-kips of energy to the pile. We 
used a hammer efficiency of 90 to 95% for hydraulic 
hammers, which resulted in transfer energies of 190 and 100 
ft-kips for the IHC S-280 and ICE-275, respectively. These 
values are on the high side of the observations; however the 
difference is moderated by the relative insensitivity of 
drivability to small changes in hammer energy. 
The soil quake and damping parameters were obtained from 
the results of CAPWAP analyses (Table 1). The wave 
equation analyses performed for the piles indicate that the 
observed driving behavior can be recaptured using a single set 
of parameters for the site. The static skin friction was also 
based on the CAPWAP analyses (Figs 1 to 3). The parameters 
used in this assessment are given in Table 2. 
 











The piles are considered to core the soil without formation of 
an internal soil plug.  The skin friction values apply to both the 
internal and external surfaces of the pile wall. The end bearing 
values apply to the steel annulus area of the pile. Analysis for 
a coring 54′′ pile with the tip at El -158 used skin friction 
values of 0.25 and 1.25 ksf for the “weak-over-strong” profile, 
with the top of the weak and strong soils at El -27 and El.-90, 
respectively. The analysis indicated a driving resistance of 50 
bpf, which was in accordance with field observations (Table 
1). The skin friction values of 0.25 and 1.25 ksf for the weak-
over-strong profile were then used to predict the blow count 
for the same pile at El -195 (Fig. 6). A satisfactory match was 
obtained (130 vs. 120 bpf observed). 
Parameter Value Parameter Value
Skin Friction in Fill and 
Alluvium 0.25 ksf
Side and Tip 
Damping 0.12 sec/ft
Skin Friction in P1 Clay 
and P2 Sand 1.25 ksf
Side Quake in 
Sand and Clay 0.1“
End Bearing in Clay 60 ksf Tip Quake in Clay 0.3”
End Bearing in Sand 180 ksf Tip Quake in Sand 0.5”
Fig. 6.  Average skin friction during driving at location 
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In these analyses, soil resistance was assumed to act on the 
steel annulus cross-sectional area of the pile (1.16 ft2). The tip 
resistance was taken as 70 kips, computed using a unit end 
bearing of 60 ksf. This value was based partly on theoretical 
bearing capacity of the clay, and partly on relatively low tip 
resistance indicated by the CAPWAP analysis. The bearing 
capacity was computed from the undrained shear strength of 
the P1 clay, which was assessed as 8 ksf. Similar analyses 
were performed for the 42′′ and 36′′ pipe piles. 
Pile Restrike Data 
Most of the piles were redriven following a one-week and/or 
two-week rest period (Table 1). Figure 7 shows the end-of-
driving and 14-day restrike soil resistances obtained from 
CAPWAP analyses of the monitoring data for the pipe piles.  
As expected, soil resistance increased with time after initial 
installation. The increases ranged from 12 to 60%, with the 
largest values for the all-clay profile (54′′ piles at PL-1). It is 
unlikely that the force applied to the piles on the initial restrike 
blows was sufficient to fully mobilize the soil resistance. The 
data show that there is no relaxation of soil resistance in these 
soils, and that the end of driving soil resistances may be used 
Fig. 8.  Static load test at 54′′ Pile C. Pile movement with load. 
in checking the production piles.  
STATIC LOAD TEST RESULTS  
Static pile load tests were performed several weeks after pile 
installation, conforming to ASTM D1143 on each pipe pile. 
The load test results for 54′′ pipe pile C are shown on Figs 8 
and 9 and summarized along with similar data for the other 
piles on Table 1.  
The relative tip resistances estimated from strain gauge 
measurements are indicative of plugged behavior, hence only 
the outside of the pile shaft would have participated in load 
transfer. The unit skin friction values shown on Fig. 9 were 
computed from the load transfer curves on this basis. 
Soil  resistance  at  end  of  driving, kips


























The test results indicate generally low total capacities for the 
pipe piles, considering the strength of the P1 clays and the P2 
sands. The load transfer in the soils above the stronger sands 
and clays corresponds to skin friction values acting on the 
outside of the pile on the order of 0.8 ksf, which seems 
unrealistically high for these weak soils. Conversely, the load 
transfer in the P1 clay seems low, with skin friction values  
Fig. 9.  Static load test at 54′′ Pile C. Load distribution. 
Fig. 7.  Comparison of initial driving and 14-day restrike 
soil resistance from CAPWAP. 
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 Pile 
Diameter

















(in) (in) (ft) (ft) (kips) (ft) (kips) (ft)
V2 54 1” 5 -180 >300 4800 -205 >300 4800 -155
V2 54 11/4” 5 -180 300 5700 -205 >300 5700 -180
V2 54 11/4” to El -107, 1” below 5 -180 >300 5200 -205 >300 5200 -165
V1 72 1½” to El -117, 1” below -35 -195 140 5500 -220 >300 6600 -190
V1 72 11/4” to El -117, 1” below -35 -195 155 5500 -220 >300 6400 -215
M1 72 1½” to El -117, 1” below -30 -215 300 6600 -240 >300 6600 -215
M1 72 11/4” to El -117, 1” below -30 -215 >300 6400 -240 >300 6400 -210
M2 66 1½” to El -117, 1” below -20 -175 70 4100 -200 135 5200 N/A
M3 66 1½” to El -117, 1” below -3 -165 80 4300 -190 150 5400 N/A
M4 66 1” -3 -160 100 4350 -185 250 5400 N/A
M5 54 1” -3 -175 115 4000 -200 >300 4800 -190
M6 48 1” -3 -150 180 4100 -180 >300 4400 -160
M7 48 1” -3 -140 115 3800 -160 295 4400 N/A
M8 48 1” -5 -150 180 4100 -170 >300 4400 -160
M8 48 7/8” -5 -150 300 4100 -170 >300 4100 -150
M9 48 1” -15 -150 115 3800 -170 295 4400 N/A








Table 3.  Pile drivability with IHC S-280 hammer. 
Table 4.  Pile drivability with IHC S-500 hammer.
Pile 
Diameter

















(in) (in) (ft) (ft) (kips) (ft) (kips) (ft)
V2 54 1” 5 -180 >300 5300 -205 >300 5300 -170
V2 54 11/4” 5 -180 135 5700 -205 >300 6450 -200
V2 66 1” 5 -180 >300 6400 -205 >300 6400 -165
V1 72 1½” to El -117, 1” below -35 -195 65 5500 -220 110 6600 N/A
V1 72 11/4” to El -117, 1” below -35 -195 75 5500 -220 150 6600 N/A
M1 72 1½” to El -117, 1” below -30 -215 110 6600 -240 280 7900 N/A
M1 72 11/4” to El -117, 1” below -30 -215 150 6600 -240 >300 7600 -235
M2 66 1½” to El -117, 1” below -20 -175 40 4100 -200 65 5200 N/A
M3 66 1½” to El -117, 1” below -3 -165 45 4300 -190 70 5400 N/A
M4 66 1” -3 -160 50 4350 -185 110 5400 N/A
M5 54 1” -3 -175 60 4000 -200 160 5000 N/A
M6 48 1” -3 -150 85 4100 -180 >300 4800 -175
M7 48 1” -3 -140 55 3800 -160 130 4400 N/A
M8 48 1” -5 -150 80 4100 -170 240 4750 N/A
M8 48 7/8” -5 -150 160 4100 -170 >300 4350 -160
M9 48 1” -15 -150 55 3800 -170 130 4400 N/A
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between 0.9 and 2.3 ksf. The P1 clay is heavily over 
consolidated, with undrained shear strength on the order of 7 
to 8 ksf. The published database of load tests on pipe piles 
would indicate skin friction values on the order of 3 to 4 ksf.  
The tip resistance of about 1,000 kips acting on the 54′′ pipe 
pile (Fig. 9) is about one-third of the total axial capacity of the 
pile. The magnitude of the tip resistance confirms expectations 
that the pile behaved as plugged under static loading 
conditions. The tip resistance corresponds to a unit end 
bearing value of 63 ksf on the gross end area of the pile. The 
undrained shear strength of the P1 clay may then be estimated 
as about 7 ksf, assuming a conventional bearing capacity 
factor of 9.  
Parameters for Axial Load Capacity 
Unit skin friction and end bearing parameters were established 
based on field and laboratory tests and on engineering 
judgment to derive design axial pile load capacity. The weak 
upper soils were not considered as contributing to the 
capacity, as the alluvium is considered to be removed by 
scour, and the fill was ignored. Based on the static pile load 
test program, an average ultimate unit skin friction of 1.7 ksf 
was selected for the stronger sands and clays beneath the fill 
and/or alluvium. The piles were considered plugged, with skin 
friction acting on the exterior of the pile. Ultimate end bearing 
was taken as 63 ksf, acting over the gross end area of the pile. 
The above parameters were used for larger diameter piles up 
to d = 72′′ at the bridge site. The foundation piles will need to 
penetrate to greater depths than tested in the pile 
demonstration program, due to use of fewer piles and higher 
loads in the final design. 
PREDICTED PILE DRIVEABILITY 
The parameters for axial load capacity given above were used 
to determine the required tip penetrations for the production 
piles. The required penetrations are given on Tables 3 and 4, 
and have values that vary depending on the factor of safety 
applied. The primary purpose of Tables 3 and 4 is to indicate 
the predicted pile driveability for IHC S-280 and S-500 
hammers. The driving resistance is soil resistance computed 
by wave equation analyses for various foundation piles using 
the parameters on Table 2. Note that driving resistance is also 
affected by the pile stiffness. The refusal criterion for these 
hydraulic hammers, taken as 300 bpf, is exceeded by some of 
the pile-hammer combinations. 
The required safety factor (SF) based on AASHTO 
specifications, depends on the level of testing performed for 
quality assurance. Use of SF = 1.9 assumes static pile load 
testing is performed on production piles at the time of 
construction. Without such testing, the required SF = 2.25. 
The largest shortfall in pile penetration is for Pier V2, which is 
unique in having a predicted scour potential that removes a 
portion of the stronger soils (mainly P2 sands) as well as the 
weaker overlying materials (see Fig. 3). Consequently, the 
difference between static pile capacity and soil resistance at 
the time of pile driving is greater for Pier V2 than for the other 
bridge piers. This difference between the existing ground 
conditions and the maximum scour design condition must be 
considered when comparing pile driving performance with 
target static capacity of the piles.  
 
BRIDGE FOUNDATIONS 
Foundation design and selection followed a design phase 
testing program and optimization study which resulted in cost 
effective, constructible foundations. Foundation construction 
included the use of 24” concrete piles on land, the use of 48” 
to 66” open end steel pipe piles for fixed spans in the river and 
72” open end steel pipe piles for the bascule span. A general 
plan and elevation is shown in Figure 10.  
In order to simplify pile installations and to avoid schedule 
delays over questionable pile lengths and pile capacity in the 
field, it was decided to use the “Specified Tip Criteria” 
method for all pile installations. These criteria provided the 
required tip elevation for the piles without disclosing the 
required capacity to the contractor. His only obligation was to 
install the piles to the specified tip. There were provisions for 
pile lengthening if required by the engineer. 
Foundations for the Virginia approach spans consist of 24” 
square pre-stressed, pre-cast concrete piles with 10’ thick cast-
in-place concrete pile caps (See Figure 11).  Excavation 
depths varied but most of these foundations were installed in 
open cut excavations. Scour considerations for Pier V2 
adjacent to the river required the use of 54” diameter open end 
steel pipe. The V2 cast-in-place pile caps were 11’ thick. 
Foundations for the Maryland approach spans included 66”, 
54” and 48” diameter open end steel pipe piles with nine to 
eleven foot thick cast-in-place concrete pile caps. The pile 
caps are located below river level and extend below the mud 
line (See Figure 12). Bascule span foundations include 72” 
diameter open end steel pipe piles with 16’ thick cast-in-place 
pile caps. These caps also extend below river level (See Figure 
13). 
River Pier Pile Performance  
The “Specified Tip Criteria” method worked very well for the 
installation of all river piers. A summary of original design 
pile arrangement and tip elevation, average load transfer rate 
(skin friction) for PDP test piles and PDA production test 
piles, average end bearing for PDP test piles and PDA 
production piles and the resulting factor of safety and remedial 
action if needed for each bridge pier is presented on Table 5, 
including those piles supported in P1 clay and P2 sand. Most 
river pier piles performed as anticipated. Select restrikes were 







Fig. 10.  Woodrow Wilson Bridge – Plan and Elevation 
Fig. 11. Typical Virginia Pier (Land Pier) 
Fig. 13.  Typical Bascule Pier (River Pier) 
Fig. 12.  Typical Maryland Pier (River Pier) 
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EOD – End of Initial Drive 
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                   17
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RE-STRIKE REQUIRED TO 
CONFIRM CAPACITY
V5 IL 2 X 35-24" SQ
P/C, P/S CONC
TIP EL -44 4.7
                   8.1
4.9
                    9.0
1008
                   730
443




INCREASED LENGTH ~ 15' ILN
INCREASED LENGTH ~ 18' ILS 




                   8.1
6.8
                    8.8
1008
                   730
594
                 384
SPECIFIED TIP CRITERIA
ADDED 10 PILES
V6 IL 2 X 35-24" SQ
P/C, P/S CONC
TIP EL -44 4.7
                   8.1
5.5
                    8.7
1008
                   730
370




INCREASED LENGTH ~ 13' ILN
INCREASED LENGTH ~ 6' ILS 




                   8.1
5.6 1008
                   730
557 SPECIFIED TIP CRITERIA
ADDED 10 PILES
V7 IL 2 X 35-24" SQ
P/C, P/S CONC
TIP EL -44 4.7                   8.1
7.1
                   13.7
1008
                   730
774




INCREASED LENGTH ~ 3' ILN
INCREASED LENGTH ~ 6' ILS 




                   8.1
6.0
                    7.3
1008
                   730
477











































AVERAGE END BEARING 
(KIPS)(KIP/FOOT)



















Land Pier Pile Performance  
Based on the very high capacity (>1900 kips) determined from 
static load test on the 24” square concrete piles during the PDP 
(see Table 1), it seemed that the required design capacity 
could be achieved at a common tip elevation for all piers and 
so it was decided to use the “Specified Tip Criteria” method 
for the land piers as well. This proved to be inappropriate as 
most of the production piles did not perform nearly as well as 
the PDP test pile and there was a wide variation in pile length, 
further complicating the fabrication of the concrete piles. 
Table 6 is a similar summary of PDP test pile and PDA 
production test pile results as well as the remedial action 
required during construction. As a result of the generally 
lower EOD capacity it was required to down grade the 
capacity, add more piles and enlarge the pile caps for outer 
loop Piers V5, V6 and V7. It was also decided to change the 
installation criteria for the subsequent bridge foundation 
contracts from “Specified Tip Criteria” with no capacity 
requirement to “Estimated Tip Criteria” with capacity criteria 
as well for the remaining land pier work. This required the 
contractor to establish the pile lengths based on the PDA test 
piles prior to fabricating production piles. Pile lengths were 
increased for inner loop piers V3 and V4. Additional piles 
were added and pile lengths increased for inner loop piers V5, 
V6 and V7.  
 
Another interesting condition presented itself with land pier 
V7. Piles for the outer loop pier were installed in an “open 
cut” excavation. By the time the inner loop construction could 
start there was very limited space to work and a sheeted 
excavation was needed.  The contractor had great difficulty 
maintaining pile position and axial alignment for the piles 
inside the sheeted excavation as compared with the open cut 
excavation. This was attributed to the build-up of pore water 
pressure inside the sheeted excavation, not anticipated by the 
contractor.      
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CONCLUSIONS 
Based on the experience from design phase testing (PDP) and 
the experience from production pile installations several 
conclusions can be made: 
 
1. The ability to perform design phase testing enabled the 
designers to optimize the foundations for the new 
Woodrow Wilson Memorial Bridge, resulting in 
significant cost savings for the project. 
 
2.  Simplified installation using specified tip elevation and 
elimination of static load tests during construction, in 
combination with dynamic testing facilitated quality 
assurance and control during construction and allowed 
for quick response and remedial action in the field.  
 
3. Specified Tip Criteria can be successfully used where 
there is sufficient uniformity in the bearing stratum and 
the performance of piles has been documented by a 
thorough design phase testing program. 
 
4. Specified Tip Criteria may prove to be problematic 
where there is a non-uniform bearing stratum and 
response of piles within the stratum. For these 
conditions an Estimated Tip approach may be more 
reasonable.    
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